
Tetmkdmn f&fen. Vol. 35. No. 34. pp. 6305-6308.1994 
lawierscicaaL-Kl 

RintedinOratBr&ain 
-9194 $7.oo+o.00 

oo4O4o3!3(94)01241-5 

DIBAH-Reduction of the Diels-Alder Adducts of Buckminster- 
fullerene and Tropones: Formation of Derivatives 

Having Four Consecutive sp3-Carbons 

Hitoshi Takeshi&* Ji-Feng Liu, Nobuo Kato, and Akira Mori 

In&utc. of Advanced Makaial Study. 86, Kyushu Unimxsity. 
Kaqa-kam. Kasqa, Fukwka 8 16 Japan 

Abstmct: By reduction with DIBAH. the high-pnssurc Dick-Aldu adducts of bnckminstcxfulkrcmc 
with rropcms and 2-mthoxytropona affcmkd dihydm daivaties. By sLlmdin8 these altyl ak&& at IS- 
#)ociamgbmoLtctrahydrdunn&rivsli~wacformedingoodyields.TheNMR~upl~s 
C?swmcdlhcilfullstruduruhavi~Mpreccdcntcdfw~vc~carbons. same rcduciion of 
ths mlduct with 4-accbaxympanc afkcdcd a tar&y&u &xivatinr, of which only the hydmxyl gmup on 
lhelhuCalbalbrif@cyclizdmfamr~~. 

In view of an increasing intenst on the cycloadditions of buckminsterfullerene (C&t we have recently 

car&d out a high-prtssurt Diels-Alder reaction bctwccn Q-J and a series of troponc dcrivativcs.2 An acquisi- 

tion of cycloadducts allowed us to investigate some chemical transfom~tions with them. Herein described an 

the results of DIBAH (diisobutylaluminum hydride)-nduction and subsequent mild ring closure to tetrahydrofu- 

ran derivatives. 

lb: X=OMe 2b: X=OMe 3b: X-OMe 

When a benzene solution of the Diels-Alder adducts (la) of t&o and tropone was treated with DIBAH at 

10 “C, under nitrogen atmosphere, a dihydro derivative (2a; IR v 3450 cm-*) was formed in 85% yield. 

The tH NMR spectn& of 2a assured it to bc a 1.2~reduction product; a signal at ti5.19, attributable to 

allylic methine proton. spin-coupled with the hydroxyl proton at iS=2.39(/=9.2 Hz). When 2a was kept in a 

methanol solution at room temperature for 2 h. new compound @a; no IR VOH absorption) was formed in a 

85% yield. Its tH NMR spectrum rcvcalcd a new singlet at ti6.29, ascribable to a proton on the Q skeleton, 

and the rest of proton signals showed a similar coupling sequences to those with 2a to assure the retention of 

the carbon framework; some characteri stic differences were not&d. e.g., the chemical shift differences on the 

cthcno bridge carbons (ti) 0.26 in 2a char@ to 0.61 in 3a with a considcaablc down field shii 

Interesdngly, there is a positive NOE (3.5%) bctwccn the signals at &.44, tbc signal ascribable to the 
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proton on the vicinal to the ethereal carbon, and the above-mentioned signal at ~5.29. The t3c NMR spectrum 

revealed 62 over 67 possible signals; among them, newly formed sp3-carbons of f&o moiety appeared at 8= 

61.05 and 95.79. which showed couplings of 5=139.72 and 8.73 Hz, reqxztively. with the proton signal at & 

6.29 by SGNOE determination. Thus, the structure of 3a has been established as depicted in the scheme. To 

the best of our knowledge, this is the first example of the compounds having four consecutive s&carbons. 

Moreover. the retrahydxofuran forming step constitutes a nucleophilic cis-l&addition of an alcohol to a con- 

densed benzenoid system. Certainly, this type of the reactions should occur only with the very specific aromat- 

ics like fullerenes. 

The adduct (lb), from 2-methoxytropone. similarly afforded a dibydro derivative (2b; IR(KBr) v 3440 

cm-l), in 80% yield, and a tetrahydrofuran (3b; no IR VOB absorption), in 86% yield. 

- 
McOH 

FCC, Moleullar 
Shiave (4Ay C&a, 

. . 

4-a: R,=H. R,=O 

4-p: R,=OH, R2=H 

5-a: Rt=H, R2=0 

5-p: R,=OH. R2=H 

A brief DIBAH-reduction. 10 min at 10 “C. of an adduct (lc) from Cacetoxytrolxme afforded a hydro- 

lyzed dihydro keto alcohol (2~; IR(KBr) v 3450 and 1730 cm-l) in 32% yield, and an epimeric pair of teua- 

hydro derivative (4-a; IR(KBr) v 3450 cm-t and 4-B; IR(KBr) v 3450 cm-l). in 40 and 18% yields, respective- 

ly. After prolonged prriod. all of lc was converted into 4-a and 4-B. 65 and 30% yields, respectively. Stand- 

ing 2c in methanol at room temperature afforded a similar tetrahydrofuran (3~; IR(KBr) v 1720 cm-l) in 60% 

yield. Also tetrahydro derivatives, 4-a and 4-g. gave isomeric teuahydxofurans (5-a; IR (KBr) v 3460 cm-l 

and 5-B; IR(KBr) v 3450 cm-t), both in 70% yields, respectively.4 The ring-closure occurred only at the hy- 

droxyl group on the three-carbon bridge. The DIBAH-reduction of 3c also formed 5-a and 5-B in a same 

rati~.~ An oxidation either 5-a or 5-p with pyridinium chlorochromate (FCC) in CH2Cl2 gave 3c in good yield. 

It is interesting that the chemical shifts for epimeric methines on the oxygen-bearing carbon of 5-a and 5-p dif- 

fer considerably, i.e., G5.17 and 4.79, the latter of which should be assigned as the cxo-hydrogen. It is pre- 

dictable that the hydmxyl group on the two-carbon bridge is too distant to make an ethereal bond with a carbon 

on the framework, and this is reflected to enable the attack of hydride from the both sides. 
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3. All the compounds are purified with HFCL (the conditions wae described in ref. 2). and the NMR (in 

cDc13, othuwk specified, at 125 MHz for l3C and 50 MHz for ‘H) ftaturts ofsamckeywm- 

poundsan?herin recorded;formcasllnxncn ts of the 33C NMR spccna, Cr(acach (0.035 M) wcm added 

as a relaxation agent, and undcrlinai figures (LR carbon signals of the troponoid origin: 

2a (brown solid. dp 160 “C): g(H)=2.39(OH, d, J=9.2 Hz), 4.43(1H, dddd, J=7.3, 2.6, 2.2, 1.1 Hz), 

4.55(18, d&i, J&4, 7.7, 1.1 Hz), 5.19(1H. dtd. Js.2, 2.6, 2.2 Hz). 6.21(1H. ddd, 1=11-O. 2.6, 

2.2 Hz), 6.57(lH, ddd, J=ll.O, 8.4, 2.2 Hz), 7.15(1H, ddd, J=8.8. 7.7, 1.1 Hz), and 7.41(1H, ddd. 

J=8.8, 7.3, 1.1 Hz). s(C)=&& u, 66.78.2223 73.85,130.97,131.86.132.56. 135.07. 

136.10. 136.24. 137.07. 139.70. 140.13. 140.16. 140.21. 140.32. 141.56. 141.70. 141.72. 141.76, 

141.83, 142.11, 142.13, 142.27, 142.31, 142.39, 142.49. 142.60, 142.70. 142.76(2(3). 142.79. 

143.31, 143.47, 144.67, 144.85, 144.87, 144.97, 144.99, 145.30. 145.41. 145.51. 145.53. 145.58, 

145.59, 145.64, 145.73, 145.74. 145.76. 145.77. 145.85. 146.01. 146.34(2(3). 146.50. 146.52. 

146.59. 146.69(2<3), 146.77. 147.84, 147.85, 155.54. 157.81, 158.12. and 159.12. 

2b (brown solid, dp 150 “C): m)=3.12(OH. d, J=2.6 Hz), 3.83(3H, s). 4.54(19 ddd, J-7.3. 2.6. 

0.7 Hz). 4.55(1H. ddd. J=9.2. 7.7. 1.1 Hz). 5.08(1H. d. J=2.6 Hz), 5.63(1H. d, J=9.2 Hz). 7.12 

(IH, ddd. J=&8. 7.7, 1.1 Hz). and 7.44(1H, ddd, J=8.8, 7.3, 0.7 Hz). 8(C)=44_7Q, m, Izu. 

66.52, m, 73.64, w.130.32. 135.09. 135.65. 136.15. 137.34, 139.85, 139.977, 140.04, 

140.13. 140.37, 141.45, 141.55;141.62, 141.67. 141.84. 141.96. 142.08. 142.13, 142.15, 142.45. 

142.48. 142.53. 142.57, 142.64, 142.72. 142.76, 143.17, 143.43, 144.69. 144.90, 144.94, 144.97, 

144.99. 145.32. 145.36, 145.37. 145.44, 145.46. 145.49(2(3), 145.50. 145.58, 145.65, 145.76. 

145.87, 145.94. 146.24(2(3), 146.36. 146.37. 146.47. 146.57. 146.61, 146.63, 147.74, 147.80. 

156.19. 156.26, 158.14, 159.09. and 159.25. 

2c (brown solid, dp 150 “C): 8(H)=2.55(OH, d, J=8.8 Hz), 3.39(18. br.d, /=18.0 Hz), 4.134.16 

(1H. m). 4.20(1H. dd. 5~18.0. 5.9 Hz), 4.70(1H, dd, 5=8.1. 1.8 Hz). 5.30(1H, br.d. J=8.8 Hz), 

6.53(18. ddd, J=10.6. 8.1. 1.5 Hz), and 6.57(18. dm, J=10.6 Hz). 

4-a (brown solid, dp 160 “C): 8(H)=2.37(OH. d, J=8.8 Hz), 2.44(OH, d, J=5.9 Hz), 3.26(lH, ddd. 

J=15.0, 10.3. 3.3 Hz), 3.41(1H. ddd, 5=15-O, 7.0, 4.4 Hz), 3.86(1H. m). 4.05(1H, dm, J=9.5 Hz), 

5.05(1H, ddm, J=10.3, 5.9 Hz), 5.25(1H, dtd, J-8.8, 2.6, 2.2 Hz), 6.43(1H, dt, J=10.6, 2.2 Hz), 

and 6.68(1H, ddd, J=10.6, 9.5, 2.2 Hz). ?i(C)(CDCl&S2=5:l)=&?L a U. 64.80.6249. 

71.17.131.67. 134.04, 135.11, 135.80, 135.84, 135.94, 140.24, 140.37. 140.40. 140.41. 141.19. 

141.41, 141.49, 141.66, 141.71, 141.94, 142.08, 142.20, 142.24, 142.27, 142.37, 142.61, 142.67, 

142.73(2(I). 142.76. 143.45. 143.46. 144.62. 144.66. 144.72. 145.03(2C), 145.11, 145.21, 145.24. 

145.30. 145.53, 145.54, 145.64. 145.70, 145.71, 145.74(Z), 145.92(2<3), 146.25, 146.29, 146.42, 

146.47, 146.51, 146.52, 146.63, 146.65, 147.77, 147.82, 155.67, 156.45, 157.47, and 158.46.6 
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4-8 (brown solid, dp 150 OC): 8(H)=22O(OH, d. J=8.8 Hz). 2.34(OH, d, J-5.9 Hz). 2.46(1H, dd. I- 

17.6, 3.7 Hz), 3.87(1H, m), 3.88(1)3. ddd, J==17.6. 9.5. 5.9 Hz). 4.3O(lH, ddd. J+4, 5.9, 0.7 Hz), 

5.28(1)3, br.dm. J=8.8 Hz). 5.40-5.5O(lY m). 6.47(1H. ddd. J=10.6. 8.4, 1.8 Hz), ad 6.58 (1H. 

dm. J=10.6 Hz). 

3a (brown solid dp 110 “C): S(H)=4.13(1H. ddd. Jr7.7, 5.1. 1.8 Hz), 4.57(1H. ddd,J=8.4, 7.3, 1.1 

Hz). 5.54(1H. dd. J=5.1. 4.4 Hz). 6.29(1H, s), 6.44(1H, ddd. J=ll.O. 4.4. 1.8 Hz). 6_67(1H, ddd. 

J-8.8. 7.7, 1.1 Hz), 6.99(1H, dd. J=ll.O. 8.4 Hz), and 7.28(18, dd. J-8.8,7.3 HE).. a(Cs 

5&I,& 61.02, 69.11. 71.32, &L$& 95.79.126.38.129.42, 133.11, 136.38, 138.86. 139.28.139.37. 

140.90, 140.96. 141.12, 141.60. 141.79. 142.03, 142.37. 142.46(3(3). 142.56. 142.74, 142.78. 

142.86, 142.93. 143.06, 143.58, 143.84. 143.91(3C), 144.32, 144.38. 144.45, 144.52, 144.55, 

144.63. 144.65. 144.81, 144.87, 144.93, 145.09, 145.42, 145.49, 145.68. 145.88. 146.43. 146.50, 

146.56. 146.87. 146.91. 146.94. 147.49(2<3). 148.27(2<3). 148.37. 148.81. 148.91. 1499.22. 151.83. 

152.28, and 152.95. 

3b (brown solid, dp 90 “C): WH)=3.94(3H, s). 42O(lH. ddd. J=7.7. 5.5. 0.7 Hz). 4.56(1H, ddd, J= 

9.2. 7.3. 1.1 Hz), 5.43(1H, d. J15.5 Hz), 5_95(1H. d. J&L2 Hz), 6_12(1H, s). 6.66(1H. ddd, /=7.7. 

7.3, 1.1 Hz), and 7.3O(lH, td, 517.3, 0.7 Hz). b(C)(CDCldCS2=3:1)-. m n 60.43. 

68.70, 71.75, U, 96.06,10677.125.40, 133.31. 136.44. 138.72, 139.22. 140.97. 141.01. 

141.10. 141.70. 141.81, 142.39. 142.50. 142.55. 142.57, 142.67, 142.72. 142.78, 142.83. 142.91, 

142.93. 143.01. 143.51. 143.79. 143.91. 143.97. 144.38. 144.40, 144.51, 144.55, 144.62(2C), 

144.68. 144.83, 144.88, 144.94. 144.97. 145.15. 145.44. 145.52. 145.70, 145.88. 146.32. 146.50. 

146.66, 146.80. 146.94, 147.00, 147.50. 147.55. 148.13, 148.41(2C), 148.83. 148.98, 149.28. 

151.85, 152.27, 152.35, and 155.82. 

4. 

5. 

6. 

3c (brown solid. dp 160 “0: 6(H)=3.34(1H. dd. J=20.5. 2.2 Hz), 33O(lH. ddm, J=20.5. 6.2 Hz), 

3.75(lH, dddd. J=6.2. 5.5, 2.2, 1.5 Hz), 4.64(1H, d, J=8.8 Hz), 5.67(1H, dd, J=5.5. 4.4 Hz), 6.26 

(1H. s), 6.74(1H. dd, J=10.6, 8.8 H z , and 6.87(1)3. ddd. J=10.6,4.4, 1.5 Hz). ) 

5-a (brown solid, dp 150 “C): 6=2.2l(OH. d, /=5.9 Hz). 2.72(18. dt, 5=16-l. 5.5 Hz). 3_15(1H. 

ddd, Jrl6.1, 10.3, 2.2 Hz), 3.49(1H. m), 4.13 (1H. dd. J=8.8. 2.2 Hz), 4.79(1H, dddd, J=10.3, 

5.9, 5.5, 2.2 Hz). 5.51(1H, dd, J=5.5, 4.4 Hz), 6.18(1H. s), 6.7O(lH. ddd, J=ll.O. 4.4, 1.5 Hz), 

and 6.83 (1H. dd, k11.0. ft.8 Hz). 

5-P (brown solid, dp 150 ‘C): 6(H)=2.05(OH, d, J=6.6 Hz), 2.30(1H, ddd, 5115.8, 4.8, 1.1 Hz), 

3.24(1H, ddd, J=15.8, 9.5, 7.7 Hz), 3.49(1H, ddm, J=7.7, 4.0 Hz), 4.24(1H, dd, J-7.7, 4.4 Hz), 

5.17 (lH, dddm. J=Q.5. 4.8, 6.6 Hz), 5.56(1H. dd, J=5.5, 4.0 Hz). 6.22(1H. s), 6.78(1H, dd, J= 

10.5, 7.7 Hz), and 6.86(1H, ddm, J=10.5. 5.5 Hz). 

This tetrahydmfuran formation could not be completed due to an apparent equilibrium. 

The interconversions. 5-a and 5-B to 3c. has eliminated a possibility that S+ (the minor product) and 

5-a could be derived from isomeric Dick-Alda adducts. i.e., a pair of rcgioisomcrs with a respect of 

5/G aud Wking junctures, or that of syn- and an&stcrcoisomcrs of J/&ing juncture. Should rhc 

Diels-Alder adducts be derived from 5/6-r@ juncture, an exclusive forma&n of one isanu over 

another must bc the least likely case 

One $-carbon signal was hidden underneath the solvent signal. 
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